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(54) Organic electroluminescent devices with improved stability and efficiency 



(57) An organic luminescent layer for use in an elec- 
troluminescent device with improved operating life in- 
cludes an organic host material capable of sustaining 
both hole and electron injection and recombination. The 
layer also includes at least two dopants: a first dopant 
capable of accepting energy of electron-hole combina- 



tions in the host material; and a second dopant capable 
of trapping the holes from the host material. The first 
dopant being selected so that the band gap energy of 
the first dopant is less than the bandgap energy of the 
host material and the second dopant being selected to 
have a hole trapping energy level above the valance 
band of the host material. 
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Description 

[0001] The present invention relates to organic electroluminescent devices and more particularly to an emission 
ayer wrth smtable dopants for improving operational stability and efficiency of these devices 

. An OLED ^ Vice inc,udes a substrate, an anode, a hole-transporting layer made of an organic compound an 
organ c luminescent layer with suitable dopants, an organic electron transport layer, and a cathode EL devtees are 
attracts because of their low driving voltage, high luminance, wide-angle viewing and capability for full-color m 

arTuS-A^ Sin" 9 0th6rS d6SCribed thiS mU,ti ' ayer EL " their COmm ° nly aSSi9ne ^ US -*- 4 7 " 

EUfl T T ,0n °T r 9 PatemS P ublications disclos e the preparation of EL devices with improved operational life- 
time. Structure modif.cat.ons, stable cathode and confinement of carriers and their recombination in the Lfesion zone 

SSTiS^ ' mPrOVement thS ° Perati0n StabiNty ° f th6Se devices ' 50 and d ^ussed an EL device 

m US-A-5,853,905 consisting of a single organic emission layer with a mixture of electron transport and hole transport 
matenal.sandw.ched between anode and cathode. However, this device has low efficiency e transport 

[0004] Popovc and others, described an EL device in SPIE Conference proceedings Vol. 3476 p 68-72 1 998 with 
improved efhcency and stability by mixing emitting electron transport materia, and the hole tran^n^XerS ctn 
and others, reported a highty efficient red color device where A.q emission layer doped with DCJTB (US A 5 908 58? 
and Micromol. Symp. 25, 490 (1 997)). 1 o.suo.otn 

D<?M 51 Hon a T da , and ,° there reP ° rted APPUed PhyS - Lett - 75,1682 (1999 > 3 red EL deviceb V ^Ping rubrene and 
comuter H M " "7"°" ^ ^ °' USi " 9 ^ EL deViCeS in dis P la V ~» tbr laptop 

^tKSKT phone and 50 forth - lhere is a need ,or EL device with ™ ch stable 

Lr,lilVc h eSc a y n ° f Pr6Sent inVenti ° n l ° PTOVide an EL ^ With <*««™* ^bi-ity 

" oTrlg 7 ,^ 

a) an organic host material capable of sustaining both hole and electron injection and recombination- and 

b) at least two dopants: 

30 

i) a first dopant capable of accepting energy of electron-hole combinations in the host material- and 

ii) a second dopant capable of trapping the holes from the host material; and 

- • 2 Te host mTr!aTrnd Se ' eCted " ** ** * ** ^ h ,eSS tha " the band9ab ene ^ 

materia?"^ d ° Pant ^ Se,6Cted l ° * ^ ^ ab0Ve ,he va,ance band of the nost 



20 



40 



45 



50 
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[0008] A feature of the present invention is that by properly selecting the first and second dopants, the operating life 
Inof A r'? SCem d6V,Ce inC0r P° rati "9 the electroluminescent layer can be significantly improved 
ch?omaticTy * ^ " ^ ^ l ° Pr ° Vide 3 " electroluminescent device with improved 

[0010] Another leature of the invention is that it can be used to provide an electroluminescent device with improved 
operational stability at high luminance output. "mproveo 
[001 1 ] Another feature of the invention is that it can be used with a low voltage drive source 

Lnd hL , QUIte Une * pected,y ' il has been found in tnis 'nvention that synergetic effect of doping exciton trapping dopant 
o the doLlTIn P H SUCh that beUer 0 P erati0 " a, stabil «y a " d efficiency were obtained a, lower concentrations 
furl , h Th,S f resu!,ed m '"Vrovements in operating lifetime and luminance efficiency. With an additional third 

p°o P c!tiJ he deViCeS madS in aCC ° rdanCe With ,he present inve ntion are highfy stable and have excellent luminance 
FIG. 1 is simple structure of an organic light-emitting device; 

FIG. 2 is a schematic diagram of an organic light-emitting device in which a light-emitting structure is deposited 
over an ITO anode with an emission layer prepared according to the present invention deposed 
Snr^n? i°T ? T aPhiC representation of ,he energy level diagram of the Alq host, exciton trapping dopant (EXD) 
(dopant 1 ), hole trapping dopant (HD) (dopant 2) and luminescent dopant (LD) (dopant 3) in the emission layer; 
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FIG. 4 shows the relative normalized operational luminance as a function of operation time for doped EL devices; 
FIG. 5 shows the relative driving voltage as a function of operation time for the EL devices of FIG. 4; 
FIG. 6 shows the relative nomalized luminance as a function of operation time for doped EL devices; and 
FIG. 7 shows the relative driving voltage as a function of operation time for the EL devices of FIG. 6. 

5 

[0014] The drawings are necessarily of a schematic nature, since the thicknesses of the individual layers are too 
thin and thickness differences of the various elements too great to permit depiction to scale or to permit convenient 
proportionate scaling. 

[001 5] The light-emitting layer of the organic EL device comprises a luminescent or fluorescent material where elec- 
10 troluminescence is produced as a result of electron-hole pair recombination in this region. In the simplest construction, 
as shown in FIG. 1, the light-emitting layer 108 is sandwiched between anode 104 and cathode 106. The light-emitting 
layer is a pure material with a high luminescent efficiency. A well known material is tris (8-quinolinato) aluminum, (Alq), 
which produces excellent green electroluminescence. 

[001 6] The simple structure 1 00 can be modified to a three-layer structure as shown in FIG. 2, in which an additional 

*5 electroluminescent layer is introduced between the hole and electron-transporting layers to function primarily as the 
site for hole-electron recombination and thus electroluminescence. In this respect, the functions of the individual organic 
layers are distinct and can therefore be optimized independently. Thus, the electroluminescent or recombination layer 
can be chosen to have a desirable EL color as well as high luminance efficiency. Likewise, the electron and hole 
transport layers can be optimized primarily for the carrier transport property. 

20 [0017] Turning to FIG.2, a multilayer organic light-emitting device 200 has a light-transmissive substrate 202 on 
which is disposed a light-transmissive anode 204. The anode 204 comprises two layers 204a and 204b. An organic 
light-emitting structure 208 is formed between the anode 204 and a cathode 206. The organic light-emitting structure 
208 is comprised of, in sequence, an organic hole-transporting layer 210, an organic light-emitting layer 212, and an 
organic electron -transporting layer 214. When an electrical potential difference (not shown) is applied between the 

25 anode 204 and the cathode 206, the cathode will inject electrons into the electron-transporting layer 214, and the 
electrons will migrate across layer 214 to the light-emitting layer 212. At the same time, holes will be injected from the 
anode 204 into the hole-transporting layer 210. The holes will migrate across layer 210 and recombine with electrons 
at or near a junction formed between the hole-transporting layer 21 0 and the light-emitting layer 212. When a migrating 
electron drops from its conduction band to a valance band in filling a hole, energy is released as light, and is emitted 

30 through the light-transmissive anode 204 and substrate 202. 

[0018] The organic EL devices can be viewed as a diode, which is forward biased when the anode is at a higher 
potential than the cathode. The anode and cathode of the organic EL device can each take any convenient conventional 
form, such as any of the various forms disclosed by Tang and others. US-A-4,885,211 . Operating voltage can be 
substantially reduced when using a low-work function cathode and a high-work function anode. The preferred cathodes 

35 are those constructed of a combination of a metal having a work function less than 4.0 eV and one other metal, pref- 
erably a metal having a work function greater than 4.0 e V. The Mg: Ag of Tang and others. US-A-4,885,21 1 constitutes 
one preferred cathode construction. The A1 :Mg cathodes of Vanslyke and others. US-A-5,776,622 has disclosed the 
use of a if/AI bilayerto enhanced electron injection in organic EL devices. 

[0019] Conventional anodes 204a are formed of a conductive and transparent oxide. Indium tin oxide has been 
^0 widely used as the anode contact because of its transparency, good conductivity, and high work function. 
[0020] Preferred host materials for the emission layer include: 

a) Alq, and 
b) 

45 



50 




55 ; or C) 
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15 



20 



^11 . k ? ?J m w USS 0miin9 thS electro "-^ansporting layer of the organic EL devices of this invention 
are metal chela ed oxino.d compounds, including chelates of oxine itself (also commonly referred to as 8-quinolinol or 
8-hydroxyqu,nol.ne) as disclosed in US-A-4,885,211. Such compounds exhibit both high levels of performance and 
are readily fabricated in the form of thin layers. penormance ana 

[0022] The light-transmissive substrate 202 may be constructed of glass, quartz, or a plastic material. Preferred 

qi L mc T.T " 9 the h0 ' e tranSp0rt ,ayer 0f the oraanic EL devices are < ertia -V amines as taught in Van 

Slyke US-A-4 ,539,507. Another class of preferred amines is tetraaryl amines. Preferred letraaryldiamines include two 

'7'™° 9r ° UpS ' SUCh as i " diCated b * ,ormula <"')■ linked th ™9" an arylene group. Preferred tetraary.diamines 
include those represented by formula (IV) 

(IV) 



25 



30 



35 



40 



50 



Ar' Ar 2 
\ / 

N L N 

/ \ 

Ar At 3 
(HI) 



wherein: 



Ar, Art, Ar 2 and Ar s are independently selected from among phenyl, biphenyl and naphthyl moieties 
L is a divalent naphthylene moiety or d n ; 
d is a phenylene moiety; 
n is an integer of from I to 4; and 

at least one of Ar, Ar\ Ar* and Ar 3 is a naphthyl moiety when L is d n . 

[0023] The various alkyl, alkylene, aryl, and arylene moieties of the foregoing structural formulae (I), (II) (ill) and 
(IV) can each m turn be substituted. Typical substituents include alky, groups, alkoxy groups, aryl groups aryloxy 

rrir, 1 i « en r ch as r,uoride • ch,oride ' and bromide The vari ° us a,k y and aik y ,ene ™™*« Sp*** «ls 

from about 1 to 6 carbon atoms. The cycloalkyl moieties can contain from 3 to about 10 carbon atoms, but typically 
contain f.ve, six, or seven ring carbon atoms, for example cyclopentyl, cyclohexyl, and cycloheptyl ring structures 
When the aryl and arylene moieties are not fused aromatic ring moieties, they are preferably phenyl and phenylene 

[0024] Illustrative of useful selected (fused aromatic ring containing) aromatic tertiary amines are the following: 

ATA-1 4,4 , -Bis[N-(1 -naphthyl)-N-phenylamino]biphenyl (NPB) 

55 ATA-2 4,4"-Bis[N-(1 -naphthyl)-N-phenylamino]-p-terphenyl 

ATA-3 4,4'-Bis[N-(2-naphthyl)-N-phenylamino]biphenyl 

ATA-4 4 : 4'-Bis[N-(3-acenaphthenyl)-N-phenyl-amino]biphenyl 

ATA-5 1 ,5-Bis[N-(1 -naphthyl)-N-phenylamino]naphthalene 
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ATA- 6 4 ; 4'-Bis(N-(9-anthryl)-N-phenylamino]-biphenyl 

ATA-7 4 ; 4"-Bis[N-(1-anthryl)-N-phenylamino]-p-terphenyl 

ATA-8 4.4'-Bis[N-(2-phenanthryl)-N-phenyl-amino]biphenyl 

ATA- 9 4,4 , -Bis[N-(8-fluoranthenyl)-N-phenyl-amino]biphenyl 
5 ATA-10 4 I 4'-Bis|N-(2-pyrenyl)-N-phenylamino]bi-phenyl 

ATA-1 1 4 } 4'-Bis[N-(2-naphthacenyl)-N-phenyl-amino]biphenyl 

ATA-1 2 4 : 4'-Bis{N-(2-perylenyl)-N-phenylamino]biphenyl 

ATA-1 3 4 : 4'-Bis[N-(1-coronenyl)-N-phenylamino]biphenyl 

ATA- 14 2 : 6-Bis(di-p-tolylamino)naphthalene 
w ATA-15 2 ; 6-Bis(di-( 1 -naphtyl)amino]naphthalene 

ATA-1 6 2 : 6-Bis[N-(1 -naphthyl)-N-(2-naphthyl)-amino]naphthalene 

ATA-1 7 N,N,N , ! N , -Tetra(2-naphthyl)-4,4"-di-amino-p-terphenyl 

ATA-1 8 4 ! 4 , -Bjs{N-phenyl-N-[4-(1-naphthyl)-pheny!]amino}biphenyl 

ATA-1 9 4 : 4'-Bis[N-phenyl-N-(2-pyreny!)amino]biphenyl 
is ATA-20 2,6-Bis|N,N-di(2-naphthyl)amine]fluorene 

ATA-21 1 ,5-Bis[N-{1 -naphthyl)-N-phenylamino]naphthalene 

[0025] A preferred embodiment of the luminescent layer consists of a host material doped with fluorescent dyes. 
Using this method, highly efficient EL devices can be constructed. Simultaneously, the color of the EL devices can be 
20 tuned by using fluorescent dyes of different emission wavelengths in a common host material. Tang and others, in 
commonly assigned US-A-4, 769,292 has described this dopant scheme in considerable details for EL devices using 
Alq as the host material. 

[0026] FIG. 3 describes the energy level diagram of the organic emission layer host and the three kinds of dopants 
used in this invention. This figure refers specifically to an organic emissive layer consisting of a Alq host material and 

25 the three dopants: exciton-trapping dopant, hole-trapping dopant, and luminescent dopant. 

[0027] A hole trap in Alq, for example, is defined as the dopant which has a bandgap greater than that of Alq, and 
is capable of donating an electron to Alq. The later condition is satisfied if the highest occupied molecular orbital 
(HOMO) of the dopant is higher (in electron energy scale) than that of Alq. Experimentally, the HOMO level is measured 
as the ionization potential with respect to the vacuum level. The ionization potential (IP) of the hole trapping dopant in 

30 Alq is determined to be lower than that of the (Alq) host. The IP of Alq is 5.62 eV. The hole trapping dopant, when filled 
is positively charged. 

[0028] Preferred materials for use as a hole trap dopant of the organic EL devices are tetraaryl amines. Some of the 
arylamines class materials and their ionization potentials are given below. 



35 



40 



HD1: 




50 



HD2: 



55 
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HD3 (NPB): 



10 




15 



20 



HD4: 




25 



XJ"X) 



An exciton trap in Alq, for example, is defined as the dopant, which has band gap energy less than that of Alq host 
material and the trap, when filled, remains electronically neutral. 
30 [0029] Preferred materials for uses as an exciton trap dopant of the organic EL devices are rubrene class materials 
Some of the rubrene class materials and their ionization potentials are given below. 
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EXD2: 
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EXD4 (rubrene): 




[0030] The luminescent dopant has a bandgap less than the bandgap energy of the first exciton dopant. The exciton 
dopant is capable of accepting energy from the electron-hole combination in the host material and accepting energy 
transferred from the second dopant. 

[0031] Preferred materials for use as luminescent dopant of the organic EL devices is DCM class materials. Some 
of the DCJTB structures and their ionization potentials are given below. 



LDl: 
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LD7 (DCJTB): 




[0032] NPB has been used as a hole-trapping dopant, rubrene as an exciton trapping dopant, and DCJTB as a 
luminescent dopant into the Alq emission layer as examples illustrating this invention. The energy levels of these 
materials are shown in FIG. 3. 

[0033] Several devices were prepared on the glass substrate using ITO anode and Mg:Ag or LiF/AI cathode in ac- 
cordance with a device structure as described in FIG. 2. The structure of the device is glass substrate/ITO anode/CFx 
hole injection layer/ NPB hole transport layer/Alq emission layer with dopant(s)/Alq electron transport layer/Mg:Ag or 
LiF/AI. 

[0034] The ranges of concentration of various dopants in the Alq emission layer used in the EL devices are preferably 
as follows: 

Exciton trapping dopant =1-25 %, hole trapping dopant = 0.1- 35 %, 
and luminescent dopant = 0.05 - 4%. 
[0035] Several devices have been prepared using the above dopants. The results are summarized in Tables 1 and 2. 
[0036] Devices prepared doping both exciton dopant and hole trapping dopant have shown significantly higher effi- 
ciency and the operational stability as compared to the devices doped with either dopant. Furthermore, the synergetic 
effect of doping exciton trapping dopant and hole trapping dopant was such that better operational stability and efficiency 
were obtained. With the addition of third luminescent dopant, excellent color coordinates were obtained with high 
luminance efficiency, which could not be achieved with any other combination. 

[0037] The invention and its advantages are further illustrated by the specific examples which follow. The term "per- 
centage" indicates the volume percentage of a particular dopant with respect to the host material. 

Example 1 

[0038] An EL device was constructed in the following manner: 

[0039] Substrates coated with 80 nm ITO were sequentially ultrasonicated in a commercial detergent, rinsed in deion- 
ized water, degreased in toluene vapor. These substrates were treated with an oxygen plasma for about one minute 
and coated with 1 nm fluorocarbon layer by plasma assisted deposition of CHF 3 . 

[0040] These substrates were loaded into a deposition chamber for organic layers and cathode depositions. 
[0041] Device A was prepared by sequential deposition of 1 50 nm NPB hole transporting layer, followed by 37.5 nm 
Alq emission layer without any dopant (EML), 37.5 nm Alq electron transport layer (ETL), then 0.5 nm LiF and 200 nm 
Al as a part of cathode. The above sequence completed the deposition of the EL device. 

[0042] The EL device was then hermetically packaged in a dry glove box filled with nitrogen for protection against 
ambient environment. The ITO patterned substrates used for preparing these EL devices contained several icons. 
Each individual icon of the device was tested for current voltage characteristics and the electroluminescence yield. 

Example 2 

[0043] Device B was prepared following the same sequence as Device A except the 37.5 Alq emission layer was 
doped with 10% rubrene, exciton dopant 1 . 

Example 3 

[0044] Device C was prepared following the same sequence as Device A except the 37.5 Alq emission layer was 
doped with 10% NPB, hole trap dopant 2. 
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Example 4 
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[0045] Device D was prepared following the same sequence as Device A except the 37.5 Alq emission layer was 
doped w.th 5% rubrene and 5% NPB. The deposition rate and thus the volume percentage of the Alq host and theTwo 
dopants was controlled by the boat temperature. 

[0 °m 61 , ol^ ' u , mi " ance characteristics of these devices are shown in Table 1 . The Device A has 3. 1 7 cd/A luminance 
yield at 20 mA/cm* current density. This device has EL peak position at 532 nm and has green color. When the Alq 
em.ssion layer was doped with 10% rubrene for Device B, the luminance yield was 4.68 cd/A. The EL peak position 
was at 568 nm g.ving yellow emission. When the Alq emission layer was doped with 10% NPB, the luminance yield 
for Dev.ce C increased to 3.27 cd/A @20 mA/cm* The EL peak position is at 528 nm and has g een coTor When he 
^ em.ss.on layer was co-doped with 5% rubrene and 5% NPB, the luminance yield for the Device D was 4 91 IcTa 
and the EL peak position was at 568 nm giving yellow emission 

[0047] The operational stability of the encapsulated devices in ambient environments has been found by measurinq 
the c hanges in tne d ^ e voltage and tne |umjnance gs a functjon Qf ^ ^ four each of these 

are givenTTa°bTe 1 " ' COnS,an, CUfrent " ^ ^ 6 ° a " d 8 ° mA/Cm2 The ha "- ,if 6 limes for these devices 



Table 1 : 



20 


Luminana 


? performance of dev 


ices A to H with different dopants 




Device 


Luminescent 
layer 


Luminance Yield 
@20 mA/cm2 (cd/ 
A) 


EL Peak 

Wavelength (nm) 


ClEx 


ClEy 


Drivevoltage @ 
20mA/cm2 (volts) 


25 


Device A 


Alq 


3.17 


524 


0.334 


0.531 


8.50 




Device B 


Alq+ 10% 
Rubrene 


4.68 


568 


0.519 


0.476 


7.90 




Device C 


Alq + 10% NPB 


3.26 


528 


0.346 


0.538 


8.70 


30 


Device D 


Alq + 5% Rubrene 
+ 5% NPB 


4.95 


568 


0.518 


0.478 


8.30 




Device E 


Alq + 2% DCJT-B 


2.05 


628 


0.640 


0.355 


9.20 


35 


Device F 


Alq + 2% DCJT-B 
+ 1 0% Rubrene 


2.41 


632 


0.650 


0.345 


9.00 




Device G 


Alq + 2% DCJT-B 
+ 10% NPB 


2.08 


628 


0.645 


0.353 


9.10 


40 


Device H 


Alq + 2% DCJT-B 
+ 5% NPB + 5% 
Rubrene 


2.76 


632 


0.650 


0.350 


8.50 j 



45 



50 



55 



our Devi^f a tfn tk no ™ ahzed luminanc e as a function of operating time at 20mA/cm2 current density for the 
four Devices A to D. The synergetic effect of doping exciton trapping dopant and hole trapping dopant was found with 
doping simultaneously with NPB and rubrene into Alq host. The decrease in luminance yiefd for Device D wasThe 
IrZlTzZT*^ ' t ^ *' B ' °' ^ * Was -expected* lower than that possible 

T, f b ° th d ° PantS The Syner96tiC effeC ' WaS SUCh that better operational stability and efficiency 

7eZ7Z e T?nv er COnCen,ra | ,ions 0f the d °P ants ' ™* more than two times improvement in operating 

lifetime and 10-20% increase .n lummance efficiency, which could not be achieved with using either of the dopants 
with any amounts of doping concentrations. y oopants 

n 5 f h h ?rl? e 0perational stabili, y of the drive volta 9e at 20mA/cm2 current density. Unexpectedly, again 
the Device D with the Alq em,ss,on layer doped with both rubrene and NPB dopants showed minimal change in the 

lan" 9 h J h' D6ViCe ° hi9h6St 0Perati ° nal Stabili * am0n 9 the four devices - ^us, the norrXed lu 

mmance and the drive voltage was stable for a longer time for the devices of this invention. 

Examples 5 -8: 

[0050] In accordance with the method described for Devices A-D, except that the dopants in the 37.5 nm Alq emission 
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layer. 

Example 5 

5 [0051] For Device E , the 37.5 nm Alq emission layer contained 2% DCJTB luminescent dopant. 
Example 6 

[0052] For Device F, the 37.5 nm Alq emission layer contained 2% DCJTB luminescent dopant and 10% rubrene 
10 exciton dopant. 

Example 7 

[0053] For Device G, the 37.5 nm Alq emission layer contained 2% DCJTB luminescent dopant and 10% NPB hole 
*5 trapping dopant. 

Example 8 

[0054] For Device H, the 37.5 nm Alq emission layer contained three dopants, 2% DCJTB + 5% rubrene + 5% NPB. 

20 [0055] The luminance characteristics of these are included in Table 1 . The Device E has 2.05 cd/A luminance yield 
at 20 mA/cm 2 current density. This device has EL peak position at 628 nm and has red color having color coordinates 
ClEx = 0.64 and ClEy = 0.35. When the Afq emission layer was doped with 2% DCJTB + 1 0% rubrene, the luminance 
yield for Device F increased to 2.41 cd/A @20 mA/cm 2 . The EL peak position is at 628 nm and has red color having 
color coordinates ClEx = 0.64 and ClEy = 0.34. When the Alq emission layer was doped with 2% DCJTB + 10% NPB 

25 for Device G, the luminance yield was 2.06 cd/A. The EL peak position was at 628 nm giving red emission at 628 nm 
and color coordinates ClEx = 0.64 and ClEy = 0.34. When the Alq emission layer was co-doped three dopants, 2% 
DCJTB + 5% rubrene + 5% NPB, the luminance yield for the Device H was 2.76 cd/A and the EL peak position was 
at 628 nm giving red emission at 628 nm and color coordinates of ClEx = 0.65 and ClEy = 0.34. The drive voltage at 
20 mA/cm 2 current density was lowest for the Device H. Thus the Device H prepared with the Alq host emission layer 

30 doped with three dopants: DCJTB luminescent dopant; rubrene exciton dopant and NPB hole trap dopant have higher 
luminance efficiency; lowest drive voltage and excellent color coordinates. 

[0056] The operational stability of these encapsulated devices has been found by measuring the changes in the 
luminance and the drive voltage as a function of time. Again four icons of each device was operate^ at the current 
density of 20, 40, 60 and 80 20 mA/cm 2 . The halMife times for these devices are included in Table 2. 

35 

Table 2: 



Operational Half-life times of devices A to H with different dopants 


Device 


Luminescent 
layer 


Half life @J=80 
mA/cm2 (Hours) 


Half life @J=60 
mA/cm2 (Hours) 


Half life @J=40 
mA/cm 2 (Hours) 


Half life @J=20 
mA/cm2 (Hours) 


Device A 


Alq 


156 


161 


38 


1000 


Device B 


Alq + 10% 
Rubrene 


455 


542 


1103 


3000 


Device C 


Alq+ 10% NPB 


348 


525 


1025 


3250 


Device D 


Alq + 5% 
Rubrene + 5% 
NPB 


900 


1300 


2200 


5000 


Device E 


Alq + 2% DCJT- 
B 


361 


510 


901 


2250 


Device F 


Alq + 2% DCJT- 
B+ 10% 
Rubrene 


487 


710 


1482 


3500 


Device G 


Alq + 2% DCJT- 
B+ 10% NPB 


563 


822 


1557 


4000 
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Table 2: (continued) 



Operations 


il Half-lite times of devices A to H with different dopants 


Device 


Luminescent 
layer 


Half life @J=80 
mA/cm2 (Hours) 


Half life @J=60 
mA/cm2 (Hours) 


Half life @J=40 
mA/cm2 (Hours) 


Half life @J=20 
mA/cm2 (Hours) 


Device H 


Alq + 2% DCJT- 
B + 5%NPB + 
5% Rubrene 


901 


1353 


2250 


>6000 



10 



15 



20 



25 



30 



35 



40 



[0057] FIG. 6 shows the operational luminance stability of the four Devices E to H. It is obvious that Device H prepared 
with ail the three dopants, 2% DCJTB + 5% NPB +5% rubrene into the Alq host layer has the highest operational 
f™?" ^ deVCe a,S ° beSl COl ° r coordinates and the hi 9hest luminance efficiency and lowest drive voltaqe 

[0058] FIG. 7 shows the operational voltage stability of the above four Devices E to H. Again, the Device H prepared 
with all the three dopants, 2% DCJTB + 5% NPB +5% rubrene in Alq host layer has minimal increase in the drive 
voltage over the operational time and thus the highest operational voltage stability. 

[0059] With the addition of third luminescent dopant, such as DCJTB, excellent red emission color coordinates were 
obtained with h.gh luminance efficiency and lowest drive voltage, which could not be achieved with any other combi- 
nation. * 

E^2L , ThUS EL deVi ° eS ° f thlS invention P re P ar ed with Alq emission containing rubrene and NPB with or without 
DCJTB luminescent dopant have significantly improved operational fade stability. These devices have higher luminance 
yield and lower drive voltage. These devices can be operated at higher current density with minimum degradation in 
the color coordinates and the luminance efficiency The devices with the emission layer containing all the three dopants 
rubrene exc.ton trap, NPB hole trap and DCJTB luminescent dopant, have the highest luminance yield lowest drive 
voltage, best chromiticity and the highest operational stability. 
[0061] Other features of the invention are included below. 

[0062] The organic luminescent layer wherein concentration of the second dopant is in a range of 0 5% to 25% bv 
volume of the organic luminescent layer. 

[0063] The organic luminescent layer wherein the host material includes: 
a) Alq; and 
b) 




45 



; ore) 



50 



55 
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[0064J The organic luminescent layer wherein the first dopant includes a fluorescent hydrocarbon compound con- 
taining a polycyclic benzoid chromophoric unit. 

[0065] The organic luminescent layer wherein the second dopant includes aromatic tertiary amines. 
[0066] The organic luminescent layer wherein the aromatic tertiary amines are tetraaryldiamines. 
[0067] The organic luminescent layer wherein the aromatic tertiary amines include tetraaryldiamines having the for- 
mula: 



w 



15 



Ar' 

\ 

N 

/ 

Ar 



At' 

I 

-N 

\ 

Ax 3 



wherein: 

20 

Ar, Ar 1 , Ar 2 and Ar 3 are independently selected from among phenyl, biphenyl and naphthyl moieties; 
L is a divalent naphthylene moiety or d n ; 
d is a phenylene moiety; 
n is an integer of from 1 to 4, and 
25 at least one of Ar, Ar 1 : Ar 2 and Ar 3 is a naphthyl moiety when L is d n . 

[0068] The organic luminescent layer wherein the third dopant includes DCM class of materials. 
[0069] The organic luminescent layer wherein the third dopant includes DCJTB. 

[0070] The organic luminescent layer wherein concentration of the first dopant is in a range of 0.5% to 25% by volume 
30 of the organic luminescent layer 

[0071] The organic luminescent layer wherein concentration of the second dopant is in a range of 0.5% to 25% by 
volume of the organic luminescent layer 

[0072] The organic luminescent layer wherein concentration of the third dopant is greater than 0.05% and less than 
5% by volume of the organic luminescent layer. 
35 [0073] The organic luminescent layer wherein the combined concentration of the first, second, and third dopants is 
greater than 1 .05% and less than 55% by volume of the organic luminescent layer. 



Claims 

40 

1. An organic luminescent layer for use in an electroluminescent device with improved operating life, comprising: 

a) an organic host material capable of sustaining both hole and electron injection and recombination; and 

b) at least two dopants: 

45 

i) a first dopant capable of accepting energy of electron hole combinations in the host material; and 

ii) a second dopant capable of trapping the holes from the host material; and 

c) the first dopant being selected so that the bandgap energy of the first dopant is less than the bandgap 
50 energy of the host material; and 

d) the second dopant being selected to have a hole trapping energy level above the valance band of the host 
material. 

2. The organic luminescent layer of claim I wherein the host material includes tris(8-hydroxy quinolinol)aluminum. 

55 

3. The organic luminescent layer of claim 1 wherein the first dopant includes a fluorescent hydrocarbon compound 
containing a polycyclic benzoid chromophoric unit. 
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4. The organic luminescent layer of claim 1 wherein the second dopant includes aromatic tertiary amines. 

5. The organic luminescent layer of claim 4 wherein the aromatic tertiary amines are tetraaryldiamines. 

6. The organic luminescent layer of claim 5 wherein the aromatic tertiary amines include tetraaryldiamines havina 
the formula: y 



Ar' 




Ar 2 


\ 




/ 


N — 


— L- 


— N 


/ 




\ 


Ar 




Ar 3 



wherein: 



Ar, Ar 1 , Ar 2 and Ar* are independently selected from among phenyl, biphenyl and naphthyl moieties; 
L is a divalent naphthylene moiety or d n ; 
d is a phenylene moiety; 
n is an integer of from 1 to 4; and 

at least one of Ar, Ar 1 , Ar 2 and Ar* is a naphthyl moiety when L is d n . 

7. The organic luminescent layer of claim 1 wherein concentration of the first dopant is in a range of 0.5% to 25% by 
volume of the organic luminescent layer. 

8. An organic luminescent layer for use in an electroluminescent device with improved operating life, comprising: 

a) an organic host material capable of sustaining both hole and electron injection and recombination- and 

b) at least three dopants: 

i) a first dopant capable of accepting energy of electron hole combination in the host material; 

ii) a second dopant capable of trapping the holes from the host material; and 

iii) a third dopant capable of accepting energy from the electron hole combination in the host material and 
accepting energy transferred from the second dopant; 

c) the flrst d °P ant bein 9 selected so that the bandgap energy of the first dopant is less than the bandqap 
40 energy of the host material: and 

d) the second dopant being selected to have a hole trapping energy level above the valance band of the host 
material; and 

e) the third dopant having a bandgap energy less than the bandgap energy of the first dopant. 

9. An electroluminescent device having a cathode and an anode and at least one organic luminescent layer com- 
prising: ' 

a) an organic host material capable of sustaining both hole and electron injection and recombination; and 

b) at least two dopants: 



i) a first dopant capable of accepting energy of electron hole combinations in the host material: and 
u) a second dopant capable of trapping the holes from the host material; and 

c) the first dopant being selected so that the bandgap energy of the first dopant is less than the bandqap 
energy of the host material; and 

d) the second dopant being selected to have a hole trapping energy level above the valance band of the host 
material. 
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10. An electroluminescent device having a cathode and an anode and at least one organic luminescent layer, com- 
prising: 

a) an organic host material capable of sustaining both hole and electron injection and recombination; and 
5 b) three dopants: 

i) a first dopant capable of accepting energy of electron hole combinations in the host material; 

ii) a second dopant capable of trapping the holes from the host material; and 

ii) a third dopant capable of accepting energy from the electron hole combination in the host material and 
10 accepting energy transferred from the second dopant; and 

c) the first dopant being selected so that the bandgap energy of the first dopant is less than the bandgap 
energy of the host material; 

d) the second dopant being selected to have a hole trapping energy level above the valance band of the host 
'5 material; and 

e) the third dopant being selected to have a bandgap energy less than the bandgap energy of the first dopant 



20 



25 



30 



35 



40 



45 



50 



55 
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(54) Organic electroluminescent devices with improved stability and efficiency 



(57) An organic luminescent layer for use in an elec- 
troluminescent device with improved operating life in- 
cludes an organic host material capable of sustaining 
both hole and electron injection and recombination. The 
layer also includes at least two dopants: a first dopant 
capable of accepting energy of electron-hole combina- 



tions in the host material; and a second dopant capable 
of trapping the holes from the host material. The first 
dopant being selected so that the band gap energy of 
the first dopant is less than the bandgap energy of the 
host material and the second dopant being selected to 
have a hole trapping energy level above the valance 
band of the host material. 
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